A factor in the ribosomal wash of stringent strains of E. coli was identified by Haseltine et al. as a complement to the ribosomal system for the synthesis of the magic spot compounds of Cashel and Gallant. This factor has been found, in the absence of ribosomes, to catalyze the enzymatic pyrophosphoryl transfer from ATP to GTP or GDP in the formation of magic spot I and magic spot II, the guanosine tetra-and pentaphosphates (ppGpp and pppGpp), respectively. The enzyme, which normally requires the presence of the ribosome-tRNA-mRNA complex for activity, catalyzes a very slow synthesis that is stimulated tenfold by 20% methanol. The temperature optimum of the methanol-stimulated system is 25-30°a nd activity is drastically depressed at 370, presumably by inactivation. Catalysis is linear with enzyme concentration and with time for the first 3 hr; during this period 25% of the added GTP is converted. The nonribosomal system is distinguished from the ribosomal system by having a lower Mg++ and a higher NH4+ optimum. The two systems differ in their response to antibiotics: thiostrepton strongly inhibits the ribosomal system but has no effect on the nonribosomal system.
In continuing experiments on the enzymatic mechanism of the pyrophosphate transfer from ATP to GTP or GDP (1) with the 0.5 M NH4Cl wash obtained from ribosomes of stringent strains of Escherichia coli (2), we have attempted to localize the factor on one of the ribosomal subunits but were frustrated by the observation that, on separation of the 50S and 30S parts, the factor was released into the supernatant. We then tried, unsuccessfully, to see if, by supplying the wash factor to either subunit, any ppGpp or pppGpp was formed. During these experiments a slow production of both, which was remarkably stimulated by methanol, was observed in the absence of ribosomes or subunits. We will report here on results of a closer study of this nonribosomal synthesis.
MATERIALS AND METHODS
E. coli K-19 (stringent) ribosomes, NH4Cl-washed ribosomes, and crude NH4Cl wash were obtained as described (1) . Unless otherwise stated, the NH4Cl wash preparation used was a 0-35% (NH4)2S04 cut of the crude NH4Cl wash, which was resuspended in 10 mM Tris HCl (pH 7.8)-10% glycerol-1 mM dithiothreitol (buffer A) and dialyzed overnight against the same buffer (Fraction I). From the supernatant of the Abbreviations: ppGpp, guanosine 5'-diphosphate-3'-diphosphate; pppGpp, guanosine 5'-triphosphate-3'-diphosphate. These compounds are also known as MS I and MS II, i.e., magic spot compounds, by the terminology of Cashel et al. (3, 4 polyphosphate assay, 1-,ul aliquots of the supernatant fraction were applied to polyethyleneimine thin-layer sheets (Brinkmann), which were desalted by washing with methanol (6) and developed with 1. Fig. 3 (oC-o), except that the Mg(OAc)2 concentration was kept constant at 20 mM, while the NH4Cl concentration was varied. Incubations were at 300 for 80 min. In O---O, the reaction mixtures were as described in Fig. 3 (O-), except ribosomal system in about 1 hr. Addition of methanol to the ribosomal system accelerates the reaction by about 50% (J. Sy, unpublished observation).
The methanol optimum of the system and its relationship to the temperature of incubation is shown in Fig. 2 . The optimum concentration of methanol is 15-20% between 25 and 30°, but when it is raised to 25% and above, there is a sharp reduction in synthetic activity at 25-300. On the other hand, raising the temperature from 300 to 330 with 20% methanol results in a 60% drop. Furthermore, increase in the incubation temperature shifts the methanol optimum to lower concentrations, and, at the same time, overall synthesis is greatly reduced.
Mg++ is essential for enzymic activity; its optimum in the nonribosomal system is the concentration that closely titrates the nucleotide polyphosphates present in the reaction mixture (Fig. 3) . In marked contrast, in the ribosomal system the Mg++ optimum is much higher, remaining constant at 15-40 mM (Fig. 3) . The effect of NH4Cl concentration is shown in Fig. 4 ; about 100 mM is optimal for the nonribosomal system, whereas this concentration is quite inhibitory in the ribosomal system. The pH optima of both systems are the same, around pH 9.
In Fig. 5 , pyrophosphoryl transfer is plotted against enzyme concentration. From 5-15 jig/50 JIl, the methanol-stimulated reaction is linearly dependent on enzyme concentration as measured by the yields obtained in 90 min at 300; below 3 jig there is no measurable reaction. The slow reaction without methanol also appears to be linear with enzyme concentration.
To show that the reaction with the NH4Cl wash in the methanol system was not due to contamination by small amounts of ribosomes, the ribosome wash was subjected to analysis by sucrose gradient centrifugation. As shown in Fig.  6 , all ultraviolet-absorbing material consisting mostly of proteins and some tRNAs present in the crude ribosome wash Proc. Nat. Acad. Sci. USA 70 (1973) stayed at the top of the gradient, and no discernible absorption peak was obtained in the regions where ribosomes and ribosomal subunits would be expected to sediment. When assayed for ppGpp and pppGpp formation in the presence of methanol, only the three top fractions of low molecular weight showed activity. The data show the methanol-activated NH4C wash to be free of ribosomes, subfractions, or fragments.
Haseltine et al. (2) have shown that inhibitors of translocation, such as thiostrepton, may also inhibit formation of ppGpp and pppGpp in the ribosomal system. Thiostrepton inhibits translocation by binding to the 50S subunit; it has no effect on elongation factor-G (EF-G) (7, 8) . We have tested its effect on the nonribosomal methanol system. As shown in Fig. 7 , the same concentration of thiostrepton, 2 jsM, that inhibits in the ribosomal system over 80%, has virtually no effect in the methanol system, and a 10-fold higher concentration produced only a slight, presumably nonspecific, inhibition. This inactivity of thiostrepton illustrates the drastic difference between the reaction in the methanol and ribosomal systems.
CONCLUSION
The ability of ribosomal wash to synthesize ppGpp and pppGpp very slowly without the ribosomes but quite abundantly in the presence of 20% methanol identifies the stringent factor with the pyrophosphoryl transferase that transfers the #,y-pyrophosphate group in ATP to the 3'-position of GTP or GDP (1). Thus, the stringent factor is an enzyme the activity of which is greatly enhanced when it is combined with a ribosome-tRNA-mRNA complex. This, then, presents a situation where the ribosomal complex regulates the catalytic activity of an enzyme present in the ribosomal wash of stringent E. coli. The stimulation of enzymatic activity by methanol might, therefore, be attributed to an effect on the conformation of the enzyme protein similar to that brought about by the ribosome-tRNA-mRNA complex in the absence of protein synthesis.
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